In this paper we introduce the new species Leptosporella arengae and L. cocois, Linocarpon arengae and L. cocois, and Neolinocarpon arengae and N. rachidis from palms in Thailand, based on morphology and combined analyses of ITS and LSU sequence data. The phylogenetic positions all these new taxa are well-supported within the order Chaetosphaeriales (subclass Sordariomycetidae), but in distinct lineages. Therefore, a new family, Leptosporellaceae is introduced to accommodate species of Leptosporella, while Linocarpaceae, which constitutes a well-supported monophyletic clade is also introduced to accommodate Linocarpon and Neolinocarpon species. Both families are characterised by specific traits, such as the shape of ascomata and filiform, hyaline ascospores, which may be pale brown-yellowish in mass, that demarcate it from other families.
Introduction
We have studied the genera of ascomycetes on palms since Hyde (1988) . In most previous studies, taxa were introduced based solely on morphology (such as ascomata, asci and ascospores) and referred to different taxonomic ranks within the Ascomycota (Fröhlich & Hyde 2000 , Taylor & Hyde 2003 . This approach was, however, subjective and many taxa were assigned mostly to Ascomycota genera incertae sedis. Given that palms are important hosts with potential novel species, it is essential that these palm micro-fungi are recollected, epitypified where needed, isolated and sequence data obtained so that the palm microfungi can be placed in a natural taxonomic framework (Ariyawansa et al. 2014 , Jayasiri et al. 2015 . 800-1,000 μm diameter filiform 100 × 9-10 μm 55-70 × 2.5-3 μm, 7-septate Wood Tjibodas, Java, Indonesia
Penzig & Saccardo1897, Huhndorf et al. 2004 , Huhndorf & Miller 2011 L. apiculatum 400-650 μm diameter × 80 μm high up to 4 μm at the base 120-140 × 9-11 μm 56-64 × 3.5-4.5 μm On decaying petiole of palm in freshwater swamp (Arecaceae) Papua New Guinea, Irian Jaya
Hyde 1997
*L. appendiculatum 330-510 μm diameter × 120-180 μm high wide at the base 110.5-169 × 7.8-9.8 μm 75-120 × 2.2-3.5 μm, with an appendage at a polar swelling with a flattened end (bellshaped) containing mucilage
On rotten fronds of Nypa fruticans (Arecaceae) Brunei Hyde 1988 , 1992 , Huhndorf et al. 2004 , Miller & Huhndorf 2005 , Bahl 2006 1955 and EF1-983F and EF1-2218R to amplify the fragment of translation elongation factor 1-α (TEF1-α) (Rehner & Buckley 2005) . Polymerase chain reaction (PCR) amplification was carried out as follows: the final volume of the PCR reaction was 25 μl, which contained 1 μl of DNA template, 1 μl of each forward and reverse primers, 12.5 μl of 2 × Power Taq PCR Master Mix and 9.5 μl distilled deionized water. The PCR thermal cycle program of ITS, LSU, and SSU genes amplifications were provided as: initially 94 °C for 3 min, followed by 35 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 50 s, elongation at 72 °C for 1 min, and final extension at 72 °C for 10 min. The PCR thermal cycle program for the RPB2 gene was provided as initially 95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 1 min, annealing at 52 °C for 2 min, elongation at 72 °C for 90 s, and final extension at 72 °C for 10 min. The PCR thermal cycle program for TEF1-α was set for denaturation at 96°C for 2 minutes, followed by 40 cycles of denaturation at 96°C for 45 seconds, annealing at 52°C for 30 seconds and extension at 72°C for 1.30 minutes, with a final extension step at 72°C for 5 minutes. Amplified PCR fragments were sequenced at the company. Generated new sequences of ITS, SSU, LSU, RPB2, and TEF1-α regions were deposited in GenBank.
Sequence alignment and phylogenetic analyses
DNA sequences were aligned in BioEdit (Hall 2004) . Based on blast searches in GenBank, using LSU or ITS sequence data, separate phylogenetic analyses were carried out to determine the phylogeny of each fungal group within Sordariomycetes. Supplementary sequences were downloaded from GenBank, based on blast search and recent publications.
Multigene sequence alignments were generated with MAFFT v. 7.215 (Katoh & Standley 2013 , http://mafft.cbrc.jp/alignment/server/index.html) and edited manually when necessary in MEGA7 version 7.0 (Kumar et al. 2016) or BioEdit v. 7.0 (Hall 2004) . ITS and LSU sequence datasets were selected to construct the phylogenetic tree, were first analyzed separately and then the individual datasets were concatenated into a combined dataset and prepared in MEGA7 (Kumar et al. 2016) . Data were converted from fasta to nexus format with Alignment Transformation Environment online, ALTER (Glez-Peña et al. 2010, https://sing.ei.uvigo.es/ALTER/).
Maximum likelihood analysis was performed by RAxMl GUI v.1.0. (Stamatakis 2006 , Silvestro & Michalak 2011 . Alignments in PHYLIP format were exchanged and loaded from the website (http://sing.ei.uvigo.es/ALTER/) (Glez-Peña et al. 2010 ). The search strategy was set to rapid bootstrapping at 1,000 and the analysis carried out using the GTR-GAMMA model of nucleotide substitution. The model of evolution was determined with MrModeltest 2.2 (Nylander 2004 ) under the Akaike information criterion (AIC). The model selected was GTR+I+G for each of gene and the combined dataset (Nylander 2004) . The number of replicates was inferred using the stopping criterion. Bootstrap values greater than 50% were accepted. The posterior probabilities (PP) were determined by Markov Chain Monte Carlo sampling (BMCMC) using MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001) . Six simultaneous Markov chains were run for ten million generations and trees sampling frequency of every 1,000 generations. The first 10,000 trees were excluded as burn-in phase based on suggestion from Tracer. Bayesian posterior probabilities (BYPP) were calculated from the remaining 5,000 trees and values greater than 0.95 were accepted. The phylogenetic tree was visualized by FigTree v1.4.0 (Rambaut 2006) .
Results

Phylogenetic analyses
The combined ITS and LSU sequence dataset alignment including our new taxa comprise taxa from related Sordariomycetes species. Members from Boliniales are a basal clade in this tree. Phylogenetic trees were generated by maximum likelihood (ML) under different optimality criteria, but tree topologies were similar and the best scoring ML with BYPP is shown in Fig. 1 . Species of Linocarpon and Neolinocarpon cluster together in a moderately supported clade which we established herein as Linocarpaceae fam. nov. Species of Leptosporella form another wellsupported monophyletic clade which we introduce as Leptosporellaceae fam. nov. within Chaetosphaeriales. Our phylogenetic analysis depicts a close relationship of Linocarpon arengae with L. cocois with good support (95 % ML, 1.00 BYPP), while related to the sister branches which comprise other species of Linocarpon. Neolinocarpon arengae groups with N. rachidis (96 % ML, 1.00 BYPP). Leptosporella arengae and L. cocois cluster with good bootstrap support (93 % ML). Our six new species show a relationship in Chaetosphaeriales in the phylogenetic tree (Fig. 1) . Notes -Species of Leptosporellaceae are mostly saprobic on wood, and have been recorded on stalks of Compositae vivae (Asteraceae), on dead branchlets of a shrub, Rosa, Acacia kempeana (Fabaceae), dead culms of bamboo, dead rachides or petioles of palms, on Clinopodium chinense and Dicksonia squarrosa, and dead leaves of Leucodon sciuroides, an endophytic species have been recovered from eupolypod fern (Polypodiales) (Penzig & Saccardo 1897 , Rehmit 1901 , Spegazzini 1912 , Chardón & Toro 1934 , Sydow 1938 , Chardón 1939 , Sousa da Camara & da Luz 1939 , Sawada 1943 , Hansford 1957 , Racovitza 1959 , Edward et al. 1972 , Huhndorf et al. 2004 , Huhndorf & Miller 2011 , Dai et al. 2016 , Del & Arnold 2017 . Our phylogenetic analysis show that Leptosporellaceae species cluster together in a distinct clade, sister to Helminthosphaeriaceae in Chaetosphaeriales (Fig. 1) . The new family differs from others families within Chaetosphaeriales as a morphologically and phylogenetically a well-resolved group.
Taxonomy
Type genus -Leptosporella Penz. & Sacc., Malpighia 11(9-10): 406 (1897) Leptosporella Penz. & Sacc., 1987 Saprobic or endophytic on undetermined wood, bamboo (Poaceae), Acacia kempeana (Fabaceae), Clinopodium chinense (Lamiaceae), Dicksonia squarrosa (Dicksoniaceae), Leucodon sciuroides (Leucodontaceae), Rosa (Rosaceae), palms (Arecaceae) and eupolypod ferns (Polypodiales). Sexual morph: Ascomata solitary, superficial, comprising black, carbonaceous, dome-shaped, raised, blistering areas, within the plant tissues, subglobose, flattened at the base, ostiole central. Peridium outer cells merging with the host epidermal cells, composed of dark brown to black cells of textura angularis. Hamathecium comprising numerous, hyaline, hypha-like, septate, paraphyses, longer than asci. Asci 8-spored, unitunicate, cylindrical, long-pedicellate, with a J -, wedge-shaped, subapical ring. Ascospores fasciculate, spiral, filiform, straight or curved, hyaline or pale-yellowish in mass, aseptate, ends rounded, with or without polar mucilaginous appendages, smooth-walled. Asexual morph: Undetermined.
Notes -Leptosporella was introduced by Penzig & Saccardo (1897) with L. gregaria Penz. & Sacc. as the type species. This genus was placed in the subclass Sordariomycetidae, genera incertae sedis by Lumbsch & Huhndorf (2010) and the holotype and fresh specimens were examined by Huhndorf & Miller (2011) . Based on the phylogenetic analyses of LSU sequence data, Leptosporella was transferred to the Chaetosphaeriales (Huhndorf & Miller 2011) . Maharachchikumbura et al. (2015) did not assign Leptosporella to any families in Sordariomycetes. Dai et al. (2016) Culture characters -Ascospores germinating on MEA within 3 days. Colonies on MEA reaching 6-7.5 cm diameter after two months at 25°C, white at the edge, brown in the center with strong radiations outwards, after 30 days of incubation, colonies smooth-walled, flat, margin lobate, white at the center and become brown at the margin, hyphae, septate, branched and smooth-walled.
Material examined -THAILAND, Phang-Nga Province, on dead rachis of Arenga pinnata (Wurmb) Merr. (Arecaceae), 5 December 2014, Sirinapa Konta PHR07a (MFLU 15-0305, holotype); HKAS100704, isotype; ex-type living culture, MFLUCC 15-0330.
GenBank numbers -SSU: MG366594; TEF: MG272259; RPB2: MG272260 Notes -Leptosporella arengae is introduced as a new species based on its unique morphology and phylogeny. It differs from other species in Leptosporella in having cylindrical, long pedicellate, thin-walled asci and spiral, filiform, straight or curved, C-shaped or sigmoid ascospores with polar mucilaginous appendage at the apex (Table 1) . However, it shares similarity with other species, it has solitary, superficial, carbonaceous, dome-shaped ascomata, asci with J-, subapical ring, and hyaline ascospores. Phylogenetic analysis indicates that Leptosporella arengae clusters with L. cocois (93% BS), but differs in having smaller ascomata, asci, ascospores, aseptate with a mucilaginous appendage ascospores, while L. cocois has larger ascomata, paraphyses, asci, ascospores without mucilaginous appendage, and 2-4-septate when ascospore geminated. Sequence data are available only for L. gregaria and L. bambusae, and with two unidentified strains. Culture characters -Ascospores germinating on MEA within 2 days. Colonies on MEA growing, reaching 7-8.5 cm diameter after 2 months at 25°C, white at the edge, brown in the center, outwardly with strong light brown radiations. After 30 days of incubation, colonies smooth, flat, margin entire, hypha septate, branched and smooth-walled.
Leptosporella cocois
Material examined -THAILAND, Prachaupkhirikan Province, Sai Khu Water Fall, on dead rachis of Cocos nucifera L. (Arecaceae), 30 July 2015, Sirinapa Konta PJK04k (MFLU 15-2349, holotype, HKAS 100705, isotype; ex-type living culture, MFLUCC 15-0816).
Notes -The phylogenetic analyses indicate that Leptosporella cocois is closely related to L. arengae, but they differ in the features of ascomata, asci, ascospores and paraphyses (Figs. 1, 2 and  3 ). Morphological differences are discussed under the latter species. Leptosporella cocois differs from L. gregaria (type species) in having larger asci with long pedicels, and filiform aseptate ascospores, while L. gregaria has smaller asci and ascospores than L. cocois, short pedicellate asci, and 7-septate ascospores. Leptosporella cocois is distinct from L. arengae in having larger ascomata, asci and ascospores without mucilaginous appendages, while L. arengae has smaller ascomata, asci and aseptate ascospores, lacking mucilaginous appendages and it differs from L. macrothecea, L. sparsa, and L. bambusae in having filiform ascospores, while L. macrothecea and L. sparsa have fusoid ascospores and L. bambusae has long fusiform ascospores (Table 1) . Saprobic on monocotyledon and dicotyledons. Sexual morph: Ascomata solitary, superficial comprising black, dome-shaped (Linocarpon), slightly raised or flattened circular areas, or immersed (Neolinocarpon) with a black shiny papilla. Peridium composed of dark brown to black cells of textura angularis. Hamathecium of septate paraphyses, longer than asci, wider at the base, tapering towards the apex. Asci 8-spored, unitunicate, cylindrical, with a J -an apical ring, developing from the base and periphery of the ascomata. Ascospores parallel or spiral in asci, filiform, straight or curved, hyaline or pale-yellowish in mass, unicellular with refringent bands, with or without polar appendages. Asexual morph: A phialophora-like spp. was found in Linocarpon appendiculatum and L. elaeidis cultures (Hyde 1992a ), but has not been recovered in other species.
Notes -The species belongs in Linocarpaceae are saprobes on monocotyledons and dicotyledons plants. Characteristic of species of Linocarpaceae was mentioned above and phylogenetic analysis indicates that Linocarpaceae forms a distinct clade sister to Chaetosphaeriaceae (Fig. 1) . Thus, Linocarpaceae is introduced as a new family in Chaetosphaeriales (Sordariomycetidae) based on morphology and phylogeny.
Type genus -Linocarpon Syd. & P. Syd., Annls mycol. 15(3/4): 210 (1917)
Linocarpon Syd. & P. Syd., Annls mycol. 15(3/4): 210 (1917) Saprobic on monocotyledon and dicotyledon plants. Sexual morph: Ascomata solitary, superficial, comprising black, dome-shaped, raised blistering areas, subglobose, flattened at the base, with a central ostiole. Peridium outer cells merging with the host epidermal cells, composed of dark brown to black cells of textura angularis. Hamathecium comprising hyaline, septate paraphyses, longer than asci, wider at the base, tapering towards the apex. Asci 8-spored, cylindrical, unitunicate, apically rounded, with a small non amyloid apical ring, developing from the base and periphery of the ascomata. Ascospores filiform, hyaline or pale-yellowish in mass, parallel or spiral in the ascus, ends rounded, inflated, appendage or acute, containing numerous refringent septum-like bands (Syd & Syd 1917 , Hyde 1992a . Asexual morph: Phialophora-like spp. was found in Linocarpon appendiculatum and L. elaeidis cultures but never reported in other species.
Notes -Linocarpon was introduced by Sydow & Sydow (1917) , monographed by Hyde (1992a) , and updated by Hyde (1997) , Dulymamode et al. (1998) , Hyde & Alias (1999) , Fröhlich & Hyde (2000) , Thongkantha et al. (2003) and Cai et al. (2004) . Linocarpon species have ascomata on the host surface that form black, dome-shaped, raised blistering areas, with a central ostiole. Asci are unitunicate, cylindrical with a small non-amyloid apical ring. Ascospores are filiform and aseptate (Fröhlich & Hyde 2000 , Poonyth et al. 2000 . The distinct ascospore appendage at the apex is important to differentiate Linocarpon and Neolinocarpon from Leptosporella as well as distinguish between species (Poonyth et al. 2000 , Yanna & Hyde 2003 , Cai et al. 2004 . The Phialophora asexual morph of Linocarpon is rarely observed (Hyde 1992a Culture characters -Ascospores germinating on MEA within 3 days. Colonies on MEA reaching 6.5-7 cm diameter after 2 months at 25°C, white at the edge, brown in the middle with strong radiations outwards. After 30 days of incubation, colonies smooth, hyphae septate, branched, smooth.
Material examined -THAILAND, Phang-Nga Province, on dead rachis of Arenga pinnata (Wurmb) Merr. (Arecaceae), 5 December 2014, Sirinapa Konta PHR07h (MFLU 15-0306, holotype); HKAS100700, isotype; ex-type living culture, MFLUCC 15-0331.
GenBank number -SSU: MG366596
Neolinocarpon from Hyponectriaceae. Then Kirk et al. (2001) and Eriksson (2006) assigned Neolinocarpon into Sordariomycetes incertae sedis. Bahl (2006) re-examined the utilized fresh samples and dried herbarium material. Based on the phylogenetic analysis of LSU and RPB2 DNA sequence data, Neolinocarpon was not monophyletic clade and transferred into Xylariales and Chaetosphaeriales (Bahl 2006) . Maharachchikumbura et al. (2015) did not determine the family placement of Neolinocarpon in their studies. Vitoria et al. (2013) introduced new species of Neolinocarpon attaleae from Attalea funifera (Arecaceae) based on the morphological characters. In this study Neolinocarpon is placed in Linocarpaceae (Chaetosphaeriales) based on phylogenetic analysis (Fig. 1) . Ten species epithets of Neolinocarpon are listed in Index Fungorum (2017). Culture characters -Ascospores germinating on MEA within 2 days. Colonies on MEA reaching 6-8 cm diameter after 2 months at 25°C, white to gray at the edge, gray to brown in the middle forward until nearly margin, light brown at margin, dark brown when mycelium growing into media 30 days of incubation, colonies smooth, flat, lobate margin, hyphae septate, branched, smooth.
Material examined -THAILAND, Phang-Nga Province, on dead leaflet of Arenga pinnata (Wurmb) Merr. (Arecaceae), 5 December 2014, Sirinapa Konta PHR07d (MFLU 15-0298, holotype); HKAS100703, isotype; ex-type living culture, MFLUCC 15-0323.
GenBank numbers -SSU: MG366597; RPB2: MG272261 Notes -Neolinocarpon arengae is similar to species of Neolinocarpon with respect to the ascomata and filiform ascospores. It however differs from some species in terms of ascomata size, ascospores shape at both ends and presence of mucilaginous appendage, and based on host differences (Table 1 ). Phylogenetic analysis incicated that Neolinocarpon arengae is related to N. rachidis (96% ML, 1.00 PP) (Fig.1) . Culture characters -Ascospores germinating on MEA within 7 days. Colonies on MEA reaching 3-4 cm diameter after two months at 25°C, white at the edge, brown in the middle with strong radiations outwards. After 30 days of incubation, colonies smooth, flat, margin undulate, white to gray in the center, gray-brown at the margin, mycelium becoming dark brown when growing into media, hyphae septate, branched, smooth-walled. GenBank number -SSU: MG366598 Notes -Neolinocarpon rachidis is typical of Neolinocarpon species in having deeply immersed ascomata with a shiny visible papilla and filiform, hyaline ascospores. However, it is distinct as ascospores are rounded at the apex and pointed at the base, and differing type of mucilaginous appendages (Table 1 ). In the phylogenetic analysis N. rachidis clusters with N. arengae (96% ML, 1.00 PP) (Fig. 1) , but the species have very different ascospores (Table 1) . Hyde (1992b) suggested that Linocarpon and Neolinocarpon species are similar to Lasiosphaeriaceous taxa in the apical structure of the ascus and in ascospore morphology. Hyde (1997) assigned Linocarpon and Neolinocarpon to Hyponectriaceae, Jeewon et al. (2003) also indicated Linocarpon to have relationships with Hyponectriaceae (Xylariales), while Bahl (2006) suggested Linocarpon and Neolinocarpon to have a closer relationship with Chaetosphaeriaceae and Helminthosphaeriaceae (Duong et. al 2004 , Huhndorf et al. 2004 ). Our study confirms that these Linocarpon and Neolinocarpon should be placed in Chaetosphaeriales in a distinct family (Fig. 1) .
Neolinocarpon rachidis
Discussion
Linocarpon (Linocarpaceae) and Leptosporella (Leptosporellaceae) species have very similar ascomata and asci and are therefore hard to distinguish. The easiest way to distinguish these genera/ families is by the ascospores. In Linocarpon the ascospores are slightly wider and have distinct, blunt, appendages at the apex, while in Leptosporella the ascospores are narrower and taper gradually towards the ends and if an appendages are present they are relatively indistinct. Neolinocarpon can be distinguished from both Linocarpon and Leptosporella as ascomata are deeply immersed and oval-globose, with a superficial, black, shiny papilla, while the ascus is sometimes provided with a refractive globose body as well as a ring. The ring with continuous structures will appear when staining with erythosin, lactofuschin and lactophenol cotton blue (Hyde 1992b ). Bahl (2006) found that Linocarpon species are frequently isolated from Pandanus hosts and rarely occur on bamboo (Thongkantha et al. 2003) . Fresh collections with molecular data are needed from taxa from various hosts to establish whether they have been correctly named based on modern concepts.
In this study, we introduce two new families, Leptosporellaceae and Linocarpaceae, based on phylogenetic analysis (Table 2 ). Both ML and BYPP analyses gave the same topologies and placed the families in Chaetosphaeriales in separate clades (Fig. 1) , with Boliniales as basal. In these families, ascomata form blackened/darkened domes (Leptosporella, Linocarpon) on the host surface or are immersed with only shiny erumpent papilla showing (Neolinocarpon). Asci are unitunicate, cylindrical with J-subapical ring. Ascospores are 8-spored, filiform, hyaline, and septate or aseptate, with or without mucilaginous appendages (Fröhlich & Hyde 2000) . The nature of the ascospore appendages is important in differentiating between species (Poonyth et al. 2000) . The asexual morph has rarely been observed and is Phialophora-like (Hyde 1992a) . Four orders were recognized in the subclass Sordariomycetidae by Maharachchikumbura et al. (2015 Maharachchikumbura et al. ( , 2016 and six well-resolved orders were reported by Hongsanan et al. (2017) . The MCC tree supported the status of the families in Sordariomycetidae with stem ages between 145-216 MYA (Hongsanan et al. 2017) .
Leptosporellaceae clusters as a monophyletic clade ( Fig. 1 ) with a stable position within Chaetosphaeriales and is introduced as a novel family with a single genus Leptosporella. All species that are included in this genus have similar morphology in possessing superficial ascomata, and filiform ascospores. Linocarpaceae is introduced as a new family in Chaetosphaeriales comprising Linocarpon and Neolinocarpon. Several strains of Linocarpon and Neolinocarpon in GenBank have low quality sequence data, such as the LSU sequence data for Linocarpon pandani (type species), which are less than 800 base pairs. Thus, we used sequence data from our taxonomic novelties, plus some quality sequences in GenBank, to clarify the placement of the taxa that were previously placed in Xylariomycetidae genera incertae sedis.
